.
Reports have shown that LPS stimulate natural killer (NK) cellmediated cytotoxicity (Kang et al., 1988a,b; Lindemann, 1988) , phagocytosis of human NK cells (Kang et al., 1988a) , and production of lymphokines and cytokines by monoiytes (MacNaul et al., 1988) . Although we have reported that LPS-induced enhancement ofNK activity is related to gamma interferon (Kang et al., 1988a,b) , there is still little known about the mechanism ofthe action of LPS on NK activity.
Recent studies indicate that LPS increases calcium (Ca2 ) uptake and intracellular accumulation in hepatocytes (Kang et a)., were exposed to CAM concomitantly with LPS or stimulated with LPS before CAM. Apparent reduction of the enzyme reaction was observed when LPS stimulation was preceded by CAM. Ca2 -ATPase reaction in mitochondria was observed only in NK cells exposed to CAM. Computer image analysis showed no changes in the intracellular Ca2 in NK cells treated with LPS for 1 hr, whereas a significant inaease in Ca2 was found in cells exposed to LPS for 4 hr. The intracellular Ca2 significantly decreased in NK cells treated with CAM or with a combination ofLPS and CAM as compared to that ofcontrols (p<O.05).
The results indicate that CAM is capable of blocking or reversing the inhibitory effeet of LPS on Ca2 -ATPase, and suggest that in human NK cells the plasma membrane-associated Ca2 -ATPase is responsible for extrusion ofintracellular Ca2+. (JHlstochem Cytochem 38:359-370, 1990) et al., 1981; Averdunk and Gunther, 1980; Dornand et al., 1974 et al., 1987; Moon et al., 1983) . In this respect, CAM is involved in the formation of microfilaments and microtubule disassembly (Dedman et aI., 1978) . 
Controls were incubated
in RPMI 1640 medium without LPS or CAM at 37'C for 1 or 4 hr.
2.
Cells were incubated in RPMI 1640 medium containing LPS at 37'C for 1 or 4 hr.
3. Cells were incubated in the same medium containing CAM for 1 hr. 4. Cells were incubated in the medium containing both LPS and CAM for 1 hr. 5. Cells were exposed to LPS for 60 mm before exposure to CAM for an additional hour. 6. Cells were stimulated with CAM for 1 hr and then exposed to LPS for an additional hour.
The concentration of 100 ig/ml 125 used in the present study is known to be the most effrctive dose for augmentation ofNK cytotoxicity and production ofinterferon (Kang et al., 1988a) . The cell viability was over 97% after incubation with LPS or CAM, as evaluated by the trypan blue exclusion method.
NK Cell Labeling.
After each treatment, cells were incubated with an optimal concentration of monoclonal anti-Leu-1 la (CD16) antibody (Becton-Dickinson; Mountain View, CA) and labeled with colloidal gold (5 and/or 10 nm).conjugated anti-mouse IgG (Sigma) according to methods described previously (Kang et al., 1985 (Kang et al., ,1987 . (1981) and Davis et al. (1987) was employed et al., 1983, 1987) . Samples for cytochemical control were fixed in 3% glutaraldehyde in 90 mM KH2PO4 buffer containing 10 mM EGTA (pH 7.2) and re-fixed in 1% osmium tetroxide with 10 mM EGTA (pH 7.6) at 4'C for 60 mm before post-fixation in 1% osmium tetroxide containing 2.5% potassium pyroantimonate.
Electron
Microscopy. All samples except cells processed for Ca2 localization were post-fixed in 2% osmium tetroxide at 4'C for 2 hr. Cells were dehydrated in a series ofgraded ethanol solutions and embedded in Epon (Poly/Bed; Polysciences). Pale-gold ultra-thin sections prepared with a diamond knife were lightly stained in lead citrate. Sections for Ca2 localizaiion were not counterstained with lead. All samples were examined in a J EOL 100 CX transmission electron microscope. Because both gold grains and cerium phosphate (reaction product of Ca2 -ATPase) showed high dcctron density, an underexposure printing procedure was used to highlight gold grains on the cell surface (King et al., 1987) .
Computer
Image Analysis.
A Kontron-Zeiss Image Processing
and Analysis System (IPAS) (Carl Zeiss; Thornwood, NY) was utilized to assess the relative differences in the intracellular Ca2 precipitates between the control and treated samples. Computer images of Ca2 localization were generated directly from electron micrographs by the computer, using a set of gray-level scale. Cells were set to gray value 225 (white), while the calcium precipitates were set to 0 (black). The images were then digitized and the percent area occupied by black pixels was determined by the computer. Figure 1A is an electron micrograph showing intracellular Ca2 precipitates.
Figure
lB is a computer image generated from Figure  1A in which the noncalcium electron-dense materials were eliminated by the computer. The total precipitated Ca2 per cell section was expressed as percentage of the total stained area of Ca2 precipitates in a cell profile sectioned through a nuclear plane using the following formula:
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Results
Leu-1 1a NK cells were recognized by labeling of many gold grains (5 and 15 nm) on the cell surface, as reported previously (Kang et al., 1985 (Kang et al., ,1987 (Kang et al., ,1988a .
The activity ofCa2 -ATPase was indicated by deposition ofthe enzyme reaction product (cerium phosphate).
Both gold grains and the electron-dense enzyme reaction product were clearly discernible on the cell surface.
The intracellular Ca2
was precipitated as electron-dense calcium antimonate.
Ca2-ATPase Localization
Normal 
LPS-treated
Leu-1 1a Cells. The activity of Ca2 -ATPase was clearly diminished in NK cells one hour after exposure to LPS. The cell surface was weakly stained by a small amount of the enzyme reaction product (Figure 4 ). No ultrastructural alterations were observed in these cells.
CAM-treated
Leu-1 1a Cells. The CAM-treated Leu-l1a cells showed the most intense staining of Ca2 -ATPase on the cell surface among control and other treated cells. Thick deposition of the enzyme reaction product was uniformly distributed on the cell surface ( Figure  5A ). The enzyme reaction product was also observed in swollen mitochondria displaying cristal derangement or vacuolation ( Figure  5B ). Important ultrastructural changes, including dilation of the cisternae of rough endoplasmic reticulum, Golgi saccules, and nuclear envelope, vacuolation of mitochondria, and changes in chromatin distribution were observed in CAM-treated cells ( Figure  5A ).
Leu-1 1a Cells Treated Concomitantly with LPS and CAM. Leu-11a cells exposed simultaneously to LPS and CAM showed slightly weaker staining of Ca2 -ATPase than the control. Large globules of the enzyme reaction product were distributed in a dotted pattern on the surface of the cells ( Figure  6A ). The enzyme reaction product was also present in the mitochondria ( Figure  6B ). Ultrastructural alterations similar to those observed in CAM-treated cells were also seen in Leu-11a cells treated with both LPS and CAM ( Figure  6A ).
Leu-11a
Cells Treated with LPS Before CAM. When CAM stimulation was preceded by LPS, the staining intensity of Ca2 -ATPase in NK cells resembled that ofthe control and the LPS-CAM-treated cells ( Figure  7A ). Some mitochondria in these cells also demon-j strated positive reactivity for the enzyme ( Figure  7B ). Figure  7A ).
Cells Treated with LPS Preceded by CAM.
cells from PBMC samples treated with CAM for 60 mm and then with LPS for an additional 60 mm displayed weak staining of Ca2 -ATPase on the cell surface ( Figure  8 ). However, large globular deposits of the enzyme reaction product were more abundant on the surface of these cells than on Leu-1 1a cells treated with LPS alone.
Mitochondria that were vacuolated or with cristal interruptions also contained the enzyme reaction product ( Figure  8 ). Rough endoplasmic reticulum and Golgi complex were also distended.
Swelling ofnuclei and diminution ofheterochromatin were apparent in the cells.
CAM 4 ,-:
. .: showed that the total amount ofcalcium precipitate varied greatly. The total area of Ca2 deposits per cell section ranged from 0.074 to 0.325% and averaged 0.199 ± 0.07 ofthe entire area ofthe cell section. There were no apparent differences in the total Ca2 precipitate between control cells and cells treated with LPS for 60 mm (Table 1) . However, the mitochondria ofLPS-treated cells appeared to contain more Ca2 precipitate than those of the controls. Apparent increases of the total Ca2 precipitate were observed in Leu-1 1a cells after 4-hr treatment with LPS ( Figure  12 ). In these cells, Kang and Watson, 1988; Davis et al., 1987; Ogawa et al., 1987; Yoshioka et al., 1987; Akisaka and Gay, 1985) . In the present study,
we have localized Ca2 -ATPase in the plasma membrane of human NK cells and have found that the enzyme reactivity was suppressed in cells exposed to LPS and was activated by CAM. This effect showed a positive correlation with the intracellular Ca2 changes. The in- 1987; Izutsu and Smuckler, 1978) . With respect to the enzyme inhibitor, Ca2 -ATPase activity has been reported to be completely inhibited by vanadate, as we have observed in the present study (Davis et al., 1987; Ogawa et al., 1987) . Although this inhibitor also has the same effect on Na ,K -ATPase (Jandhyala and Hom, 1983) , Ca2 -ATPase is embedded in an annulus of phospholipid which is essential for its function (Niggli et al., 1982; Bennett et al., 1978) . , 1986; Weiss et al., 1984) and in NK cells (Anasetti et al., 1987) . It is well established that Ca2 j required in the process of NK cell-mediated cytolysis (Hiserodt et al., 1982) . Ca2 is involved in the reorientation of cytoplasmic organdIes during the killing process in NK cells (Kupfer and Dennert, 1984) and in the release ofcytolytic enzymes (Young et al., 1986 ), cytotoxin (Liu et al., 1987 , and natural killer cytotoxic factors (NKCF) (Saschenko et al., 1988; Ortaldo et al., 1985) .
In 
